1 

M thod of controlling phase locked loop in mobile station, and 
mobile station 

Field 

[0001] The invention relates to a method of controlling a phase 
locked loop in a mobile station, and a mobile station. Especially, the invention 
relates to an integrated phase locked loop. 

Background 

[0002] A phase locked loop (PLL) implemented with an integrated 
circuit (IC) provides an efficient technique for synthesizing radio frequencies in 
mobile stations in telecommunications systems. A phase locked loop is known 
as a feedback system for providing signals with accurate and stable signal 
characteristics, such as frequency and phase. In telecommunications systems 
utilizing a plurality of carrier frequencies, a phase locked loop is required to be 
capable of generating several radio frequencies with desired accuracy. 

[0003] However, deficiencies in the operation of an integrated 
phase locked loop may occur due to variations in the operating temperature 
and operating frequency, thus degrading signal characteristics of the phase 
locked loop. The degraded signal characteristics may lead to inaccuracy in the 
carrier frequencies, thus reducing the quality of the radio connection between a 
mobile station and the radio network, or in a worse scenario, even preventing 
the connection. 

Brief description of the invention 

[0004] An object of the invention is to provide an improved method 
for controlling a phase locked loop and an improved mobile station. 

[0005] According to a first aspect of the invention, there is provided 
a mobile station of a cellular telecommunications system, the mobile station 
comprising: an integrated phase locked loop for generating output frequencies; 
a frequency control unit for providing a frequency control word for the phase 
locked loop, according to which frequency control word an output frequency is 
generated; and a tuning unit for providing a synchronized tuning word for the 
phase locked loop, the tuning unit being configured to output the synchronized 
tuning word into the phase locked loop in synchronization with the output of the 
frequency control word. 
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[0006] According to a second aspect of the invention, there is pro- 
vided a method of controlling a phase locked loop of a mobile station of a cellu- 
lar telecommunications system, the method including: outputting a frequency 
control word into the phase locked loop, according to which frequency control 
word an output frequency is generated; and outputting a synchronized tuning 
word into the phase locked loop in synchronization with the output of the fre- 
quency control word. 

[0007] Preferred embodiments of the invention are described in the 
dependent claims. 

[0008] The method and mobile station of the invention provide sev- 
eral advantages. The synchronization of the output of the synchronized tuning 
word with the output of the frequency control word results in reduction in the 
settling time when a frequency generated by the phase locked loop is changed 
from one to another. The reduced settling time increases the time efficiency of 
the telecommunications system. 

List of drawings 

[0009] In the following, the invention will be described in greater de- 
tail with reference to the preferred embodiments and the accompanying draw- 
ings, in which 

Figure 1 shows a first example of a mobile station according to em- 
bodiments of the invention; 

Figure 2 shows a second example of a mobile station according to 
embodiments of the invention; and 

Figure 3 illustrates output frequency curves of a phase locked loop 
in a frequency transition state. 

Description of embodiments 

[0010] Figure 1 shows an exemplary mobile station to which the in- 
vention may be applied. The mobile station includes a base band part 102 
(BB), a radio frequency part 104 (RF) connected to the base band part 102, 
and an antenna 106 connected to the radio frequency part 104. The exempli- 
fied radio frequency part 104 includes a phase locked loop 110. 

[0011] The base band part 102 includes a digital signal processor 
148, a control unit 108, and memory means 142. A portion of the base band 
part 102 may be implemented with an application specific integrated circuit 
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(ASIC). The control unit 108 may be implemented with a computer and soft- 
ware. 

[0012] In transmission, a converter unit 132 receives a transmit 
base band digital signal 122 from the base band part 102 and converts the 
transmit base band digital signal 122 into a transmit base band analog signal 
136The transmit base band analog signal 136 is inputted into a modulator- 
demodulator unit 134, which up-converts the transmit base band analog signal 
136 into a radio frequency, thus providing a transmit radio frequency signal 
144. The I and Q components of the transmit base band analog signal 136 are 
up-converted separately if an IQ-modulator is used. 

[0013] The output frequency 140 of the phase locked loop 110 is 
inputted into the modulator-demodulator unit 134. The modulator-demodulator 
unit 134 may include a mixer for mixing the transmit base band analog signal 
136 and the output frequency 140. The mixer generates the transmit radio fre- 
quency signal 144, whose frequency is generally an algebraic sum of the out- 
put frequency 140 and the frequency of the transmit base band analog signal 
136. 

[0014] The I and Q components of the transmit base band analog 
signal 136 are up-converted in separate mixers, which are provided with sepa- 
rate output frequencies 140 with nl2 phase difference. After mixing, the I and Q 
components of the transmit radio frequency signal 144 are summed in a sum- 
mer. 

[0015] The transmit radio frequency signal 144 is inputted into an 
amplifier unit 150, which amplifies the transmit radio frequency signal 144, thus 
providing an amplified transmit antenna signal 152. The amplification may be 
implemented by using a linear amplifier, for example. 

[0016] The amplified transmit signal 152 is fed into the filter unit 
156, which attenuates undesired signal components from the amplified trans- 
mit signal 152, thus providing a desired transmit antenna signal for the antenna 
106. 

[0017] In reception, the antenna 106 converts the electromagnetic 
field providing the air interface into a receive antenna signal. The receive an- 
tenna signal is inputted into the filter unit 156, which attenuates undesired sig- 
nal components of the receive antenna signal, thus producing a receive radio 
frequency signal 154. The filter unit 156 may be a duplex filter for separating 
the transmit antenna signal from the receive antenna signal. 
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[0018] The receive radio frequency signal 154 is inputted into the 
amplifier unit 150, which amplifies the receive radio frequency signal 154 by 
means of a low noise amplifier, for example. As a result of amplification an 
amplified receive signal 146 is obtained. 

[0019] The amplified receive signal 146 is inputted into the modula- 
tor-demodulator unit 134, which down-converts the amplified receive signal 
146 into the base band frequency, thus providing a receive base band analog 
signal 138. The down-conversion may be based on mixing the amplified re- 
ceive signal 146 with the output frequency 140 of the phase locked loop 110. 
The modulator-demodulator unit 134 may include separate mixers for down- 
converting I and Q components of the amplified receive signal 146. 

[0020] The receive base band analog signal 138 is inputted into the 
converter unit 132, whose analog-to-digital converter samples the receive base 
band analog signal 138 and produces a receive base band digital signal 124. 
The receive base band digital signal 124 is inputted into the base band parts 
102. The converted unit 132 may include separate analog-to-digital converters 
for converting the I and Q components of the receive base band analog signal 
138. 

[0021] A mobile station may include a plurality of phase locked 
loops 110 with associated frequency control units 112 and tuning units 114. 
Different phase locked loops 110 may be utilized for producing different fre- 
quencies for down-conversion and up-conversion. Furthermore, a phase 
locked loop may be used for providing intermediate frequencies. It is clear to a 
person skilled in the art to implement an arrangement including a plurality of 
phase locked loops. 

[0022] It is common that a mobile station is capable of receiv- 
ing/transmitting at a plurality of radio frequency bands defined by the specifica- 
tion of the telecommunications system. For example, in the GSM system 
(Global System for Mobile Communications), the frequency separation of adja- 
cent carriers is 200 kHz. The operation frequency of the mobile station is 
changed from one to another, for example, due to a channel change command 
from the network, or a predetermined frequency hopping pattern. 

[0023] The operating frequency of the mobile station may be con- 
trolled by feeding an appropriate output frequency 140 into the modulator- 
demodulator unit 134. The operating frequency of the mobile station is propor- 
tional to the output frequency 140 of the phase locked loop 110, and thus the 
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signal characteristics, such as phase and frequency, of the output frequency 
140 of the phase locked loop 110 have a substantial impact on the quality of 
the reception and transmission characteristics of the mobile station. 

[0024] The mobile station includes a frequency control unit 112 
(FCU) for providing a frequency control word 116B for the phase locked loop 
110, according to which frequency control word 1 16B the output frequency 140 
is generated in the phase locked loop 110. 

[0025] Figure 1 further shows an exemplary control arrangement 
120 including a control unit 108 and an address decoder 130 connected to the 
control unit 108. The control arrangement 120 is connected to the tuning unit 
(TU) 114 and the frequency control unit 112. The control arrangement 120 may 
further be connected to the digital signal processor 148. 

[0026] The frequency control unit 112 may comprise a register, 
such as a shift register, for receiving and/or buffering the frequency control 
word 116A from the control arrangement 120. The frequency control unit 112 
feeds the frequency control word 116B into the phase locked loop at a prede- 
fined time instant and in a predefined format. The phase locked loop 110 gen- 
erates the output frequency 140 according to the value of the frequency control 
word 1 16B. In an embodiment, the frequency control word 1 16B is fed in paral- 
lel format into the phase locked loop 110. The frequency control word 116A 
includes the information on the value of the frequency control word 1 16B. How- 
ever, the format between the two may be different. 

[0027] The frequency control word 116A, 116B typically defines 
large-scale frequency characteristics, such as the carrier frequency generated 
in the modulator-demodulator unit 134. The frequency control word 1 16B may 
be a binary number proportional to the output frequency 140. 

[0028] The tuning unit is provided with a tuning word 118A by the 
control arrangement 120. The tuning unit 114 may receive and/or buffer the 
tuning word 1 18A and provide a synchronized tuning word 1 18B for the phase 
locked loop 110. The tuning word 118A includes the information on the value 
of the synchronized tuning word 118B. However, the format between the tun- 
ing word 118A and the synchronized tuning word 118B may be different. A 
synchronized tuning word 118B may be a binary number, which includes bits 
which control tuning of the phase locked loop 110. The synchronized tuning 
word 118B may affect the signal characteristics, such as frequency shift and 
phase noise, of a signal produced by the phase locked loop 110. 
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[0029] The synchronized tuning word 118B is outputted from the 
tuning unit 114 into the phase locked loop 110 in synchronization with the out- 
put of the frequency control word 1 16B. When synchronized, the timing of the 
output of the synchronized tuning word 1 18B depends on the timing of the out- 
put of the frequency control word 116B in a predefined manner. For example, 
there may be a predefined time gap between the output of the frequency con- 
trol word 1 16B and the output of the synchronized tuning word 1 18B. The time 
gap is typically a multiple of the clock cycle provided by a clock signal 128 fed 
into the frequency control unit 112 and the tuning unit. In an embodiment, the 
frequency control word 1 16B is outputted prior to the synchronized tuning word 
1 18B. In another embodiment, the synchronized tuning word 1 18B is outputted 
prior to the frequency control word 1 16B. 

[0030] In an embodiment, the synchronized tuning word 118B and 
the frequency control word 116B are outputted simultaneously from the tuning 
unit 1 14 and the frequency control unit 112, respectively, into the phase locked 
loop 110. In such a case, the simultaneous timing may be based on a shared 
enabling signal, which validates simultaneously both the output of the fre- 
quency control word 1 16B and the synchronized tuning word 1 18B. 

[0031] The values of the frequency control word 116B and/or the 
tuning word may 118B be defined in various components of the mobile station 
depending on the embodiment. 

[0032] In an embodiment, the frequency control word 116A is gen- 
erated in the control unit 108 of the control arrangement 120 according to, for 
example, a control signal 119 provided by the digital signal processor 148. The 
control signal 119 may include, for example, a channel number of the radio 
channel to be applied in the transmission. The control unit 108 may calculate 
the value for the frequency tuning word 116A based on the channel number. 
Furthermore, the control unit 108 may calculate the value for the tuning word 
118A based on the channel number. The calculation of the tuning word 118A 
may be based on the output frequency 140 to be produced, the prevailing tem- 
perature of the phase locked loop 1 10, or an other predictable factor affecting 
on the output frequency 140. 

[0033] It is also possible that the digital signal processor 148 re- 
trieves the channel number using signal 117 from the memory means 142, 
which may be implemented with a ROM (Read Only Memory), for example. 
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[0034] The exemplified control arrangement 120 may provide a first 
timing signal 160 for the frequency control unit 112, the first timing signal 160 
timing the output of the frequency control word 1 16B from the frequency con- 
trol unit to the phase locked loop 110. The control unit 108 may further provide 
a second timing signal 158 for the tuning unit 114, the second timing signal 
158 timing a synchronous output of the synchronized tuning word 118B from 
the tuning unit 114 to the phase locked loop 110. The input of the first timing 
signal 160 and the second timing signal 158 may trigger the output of the fre- 
quency control word 116B and the synchronized tuning word 118B, respec- 
tively. 

[0035] It is also possible that the first timing signal 160 and the sec- 
ond timing signal 158 include information on the timing, which information is 
realized in the frequency control unit 1 12 and the tuning unit 1 14, respectively. 
In such a case, the frequency control unit 112 and the tuning unit 114 prefera- 
bly include unit-specific or shared timing logic circuits capable of validating the 
output of the frequency control word 116B and the synchronized tuning word 
118B based on the first timing signal 160 and the second timing signal 158, 
respectively. 

[0036] The control unit 108 may feed a bit stream 126 including a 
data portion and an address portion into the address decoder 130, which 
routes the data portion of the bit stream 126 to a desired destination. The data 
portion of the bit stream 126 may be outputted either into the tuning unit 1 14 or 
the frequency control unit 112 indicated by the address portion. If the address 
portion indicates the tuning unit 114, the data portion includes the tuning word 
1 18A, and the address decoder 130 outputs the tuning word 1 18A into the tun- 
ing unit 114. If the address portion indicates the frequency control unit 112, the 
data portion includes the frequency control word 116A, and the address de- 
coder 130 outputs the frequency control word 116A into the frequency control 
unit 112. 

[0037] The control unit 108 may further feed a clock signal 128 into 
the address decoder 130. The clock signal 128 may be utilized for synchroniz- 
ing the data transfer between the control unit 108 and the address decoder 
130. Furthermore, the clock signal 128 may be fed into the tuning unit 1 14 and 
the frequency control unit 112 and utilized for synchronizing data transfer be- 
tween the address decoder 130 and the tuning unit 114, and the frequency 
control unit 112. The clock signal may be fed into the tuning unit 114 and the 
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frequency control unit 112 directly from the control unit 108 or via the address 
decoder 130. 

[0038] The control arrangement 120 may further feed a timing sig- 
nal 131, also called a latch, into the address decoder 130. The timing signal 
131 may be converted to a first timing signal 160 inputted into the frequency 
control unit 112 or to a second timing signal 158 inputted into the tuning unit 
114 based on the address portion of the bit stream 126. In the simultaneous 
output of the synchronized tuning word 118B and the frequency control word 
116B, the timing signal 131 is preferably converted both into the first timing 
signal 160 and the second timing signal 158 simultaneously. 

[0039] Some units, such as the converter unit 132, the modulator- 
demodulator unit 134, the frequency control unit 112, the tuning unit 114, and 
the address decoder 130 may be implemented on a radio frequency ASIC, for 
example. The control unit 108 may be implemented using a digital computer in 
the base band part 102. The control unit 108 may also be implemented with a 
software application in the digital signal processor 148. 

[0040] Figure 2 shows the phase locked loop 110, the frequency 
control unit 112, and the tuning unit 114. 

[0041] The exemplified phase locked loop 110 includes an inte- 
grated voltage controlled oscillator 202, a loop filter 204, an integrated charge 
pump 206, a detector unit 208, and a feedback divider 210. 

[0042] The output frequency 140 outputted by the phase locked 
loop 110 may be generated by the voltage controlled oscillator 202. It is also 
possible that the voltage controlled oscillator 202 precedes a post-divider not 
shown, which divides the frequency produced by the voltage controlled oscilla- 
tor 202. In such a case the output frequency 140 represents the divided fre- 
quency. The output frequency 140 is still proportional to the voltage level 216 
provided by the loop filter 204 connected to the voltage controlled oscillator 
202. The voltage level 216 provided by the loop filter 204 is controlled with cur- 
rent 218 generated by the charge pump 206 connected to the loop filter 204. 

[0043] In an embodiment of the invention, the tuning unit 114 out- 
puts the synchronized tuning word 118B in parallel format to the phase locked 
loop 110. The parallel format enables a simultaneous realization of the bits of 
the synchronized tuning word 118B in the phase locked loop 110, thus speed- 
ing up the tuning process. 
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[0044] In an embodiment of the invention, the tuning unit 114 out- 
puts the synchronized tuning word 118B into the voltage controlled oscillator 
202. Figure 2 shows parallel bits 220, 222, 224 of the synchronized tuning 
word 118B delivered parallel to the voltage controlled oscillator 202. The bits 
220, 222, 224 are delivered to tuning elements 228, 230, 232 of a tuning circuit 
226. A tuning element 228, 230, 232 may be a resonator including resistors, 
capacitors, coils, diodes and transistors, thus affecting signal characteristics of 
the voltage controlled oscillator 202 and enabling frequency tuning of the out- 
put frequency 140. A bit 220, 222, 224 of the synchronized tuning word 1 18B 
may determine the state of a switch of a tuning element 228, 230, 232. 

[0045] The switch states of the tuning elements 228, 230, 232 pro- 
vide a plurality of frequency tuning configurations, each frequency tuning con- 
figuration contributing to characteristics of the voltage controlled oscillator 202. 
For example, an 8 bit tuning word is typically capable of controlling 256 tuning 
configurations. 

[0046] The synchronized tuning word 118B may further control a 
bias current of the voltage controlled oscillator 202. In an embodiment, the 
synchronized tuning word 118B controls an amplifier buffer located between 
the voltage controlled oscillator 202 and the modulator-demodulator unit 134. 

[0047] In an embodiment of the invention, the tuning unit 114 pro- 
vides a synchronized tuning word 118B for the charge pump 206 in order to 
tune the gain of the charge pump 206. The bits 234, 236 of the synchronized 
tuning word 118B may control switches in the charge pump 206, which 
switches alter the electric properties, such as output current, of the charge 
pump 206, and thus the gain of the charge pump 206. 

[0048] The feedback divider 210 uses the output frequency 140 as 
input and generates a feedback signal 238 with frequency proportional to the 
output frequency 140. The frequency of the feedback signal 238 is also propor- 
tional to a ratio factor N. The frequency fFB of the feedback signal may be ex- 
pressed as a function of the ratio factor N and the output frequency 140 fouT as 
follows 

fFB=fouj/N (1) 
[0049] The detector unit 208 may use a reference signal 240 and 
the feedback signal 238 as input, detect a frequency and/or phase difference 
between the feedback signal 238 and the reference signal 240, and apply a 
control signal 242 to the charge pump 206 according to the detected differ- 
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ence. The reference signal 240 originates, for example, from a crystal oscilla- 
tor. 

[0050] In an embodiment of the invention, the frequency control unit 
112 outputs a frequency control word 1 16B into the feedback divider 210. The 
value of the frequency control word 1 16B may be, for example, the value of the 
ratio factor N. When the frequency control word 116B is outputted from the 
frequency control unit 112 into the feedback divider 210, the frequency of the 
feedback signal 238 is changed, and the detector unit 208 adjusts the control 
signal 242 accordingly. As a result, the phase locked loop 202 searches for an 
output frequency 140 multiple of N of the frequency of the reference signal 
240. When synchronizing the output of the synchronized tuning word 118B 
with the output of the frequency control word 116B, the settling time of the 
phase locked loop 110 may be reduced. 

[0051] It is clear to a person skilled in the art that the value and the 
structure of the synchronized tuning word 1 18B depends on the target, such as 
the voltage controlled oscillator 202, charge pump 206, and feedback divider 
210, of the synchronized tuning word 118B. Separate tuning units 114 may be 
used to control the above targets. 

[0052] With reference to Figure 3, an output frequency curve 302 of 
a phase locked loop 110 is shown. The x-axis 304 and y-axis 306 show time 
and frequency, respectively, on an arbitrary scale. 

[0053] Figure 3 illustrates a situation where the output frequency 
140 of the phase locked loop 1 10 is changed from a first output frequency 310 
(fi) to a second output frequency 312 (f 2 ) due to a channel change command 
or frequency hopping operation, for example. Before time instant 314 (ti), the 
phase locked loop 110 generates a first output frequency fi according to a first 
tuning word and a first frequency control word. 

[0054] At time instant ti, the first frequency control word is replaced 
by a second frequency control word in the phase locked loop 110, and the 
phase locked loop 110 searches for the second output frequency 312 corre- 
sponding to the second frequency control word. 

[0055] During a transition state, i.e. a time interval when the phase 
locked 110 loop searches for the desired second output frequency 312, a sec- 
ond tuning word is outputted from the tuning unit 114 into the phase locked 
loop 1 10. As a result, the second output frequency 312 is obtained at time in- 
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stant 316 (t 2 ), thus resulting in settling time 320 between the time instants 314 
and 316. 

[0056] With further reference to Figure 2, consider an embodiment 
of the invention wherein the tuning unit 1 14 includes a buffer register 246, such 
as a shift register, for receiving a tuning word 118A in a serial format. The 
buffer register 246 converts the serial format of the tuning word 118A into a 
parallel format, thus outputting the bits 252, 254, 256 of the parallel-format tun- 
ing word 1 18A into the setting register 248 connected to the buffer register 246 
and the phase locked loop 110. The setting register 248 may output bits 220, 
222, 224 of the synchronized tuning word 1 18B in parallel format to the phase 
locked loop 110 after receiving an enabling command 260. The setting register 
248 may be implemented with D-flip flops, for example. 

[0057] The buffer register 246 may receive the tuning word 118A 
while the phase locked loop 110 is still generating the first output frequency 
310, and the setting register 248 is still validated with the first tuning word. 

[0058] At time instant 314, the enabling command 260 is inputted 
into the setting register 248, which enabling command 260 enables the output 
of the second tuning word into the phase locked loop 110. In an embodiment, 
the enabling command 260 is the same as the enabling command enabling the 
output of the frequency control word 1 16B. The tuning circuit 226 receives the 
second tuning word and sets the switches of the tuning elements 228, 230, 
232 according to the bits 220, 222, 224 of the second tuning word. As a result, 
the second output frequency 312 is tuned, and the phase locked loop 110 
generates a tuned output frequency 312. 

[0059] In an embodiment of the invention, the frequency control unit 
1 12 and the tuning unit 114 provide a shared control register for the frequency 
control word 116B and the synchronized tuning word 118B, and the shared 
control register is configured to output the frequency control word 116B and 
the synchronized tuning word 118B simultaneously. The shared control regis- 
ter may be implemented by using a register structure similar to the one applied 
in the tuning unit 114. The buffer register 246 may receive the frequency con- 
trol word 1 16A and the tuning word 1 18A in serial format, and outputs the com- 
bined control word into the setting register 248. The combined control word, 
which includes both the frequency control word 116B and the synchronized 
tuning word 1 18B, may be enabled by using a shared enabling command 260. 
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[0060] In an embodiment, the control unit 108 switches off the syn- 
chronous output of the synchronized tuning word 118B. In such a case, the 
phase locked loop 110 is capable of operating according to the invention, but 
may be switched to operate in a manner according to the prior art. 

[0061] Figure 3 further shows a frequency curve 308 indicated with 
a dashed line, which would be obtained if the tuning control word 118B were 
changed non-synchronously with the output of the frequency control word 
116B. A stabilized second output frequency 312 would be obtained at time in- 
stant 318 (t3), thus resulting in a longer settling time 322 than what would be 
obtained by using the synchronous output of the synchronized tuning word 
118B. 

[0062] Even though the invention is described above with reference 
to an example according to the accompanying drawings, it is clear that the in- 
vention is not restricted thereto but it can be modified in several ways within 
the scope of the appended claims. 



